Microbial spores, generally regarded as being metabolically inert, have now been shown to exhibit a wide range of enzymatic activity. Spores of selected strains of Penicillium, Puccinia, Uromyces, and Ustilago, for example, possess nearly all of the respiratory enzymes necessary for both the Embden-Meyerhof-Parnas system and the citric acid cycle (2).
Soluble starch was hydrolyzed to glucose by conidia of Aspergillus wentii NRRL 2001. Peak yields of glucose were achieved in 3 days. A glucoamylase-like enzyme was assumed to be responsible since maltose was not detected during the conversion. Spore age, storage conditions, and temperature affected the level of glucose accumulated. lodoacetate inhibited catabolism of the glucose formed and this inhibition increased product yield. Spores of other fungi also hydrolyzed starch but none accumulated glucose naturally as did A. wentii spores.
Microbial spores, generally regarded as being metabolically inert, have now been shown to exhibit a wide range of enzymatic activity. Spores of selected strains of Penicillium, Puccinia, Uromyces, and Ustilago, for example, possess nearly all of the respiratory enzymes necessary for both the Embden-Meyerhof-Parnas system and the citric acid cycle (2) .
On the basis of this newly discovered activity, spores have been considered for possible application to fermentative processes. Spores of Penicillium roqueforti are capable of oxidizing shortchain fatty acids and triglycerides (3-5, 8, 9) to the corresponding ketones in a simple medium free from any nitrogen source; but vegetative mycelium does not effect the same conversion.
Vezina et al. (20) described the hydroxylation of progesterone by conidia of Aspergillus ochraceus to form 1 la-hydroxyprogesterone and 6(3-1 1a-dihydroxyprogesterone. Steroids were also transformed by spores of Septomyxa affinis (16) and Mucor griseo-cyanus (17) .
Apparently, fungal spores are potentially capable of a wide range of substrate conversions, some of which could prove to be valuable in the fermentation industry. Spores have certain advantages not provided by a growing cell population: a simplified medium, ease of recovery of products, less production of nondesirable products, elimination of the lag phase required for growing cells, and the possibility of use in continuous fermentation.
In this paper, we describe the production of glucose from soluble starch by spores of A. wentii NRRL 2001, as well as the factors that affect production.
MATERIALS AND METHODS
Sporulation. Stock M phosphate buffer neither inhibited hydrolysis of starch nor maintained a uniform pH, it did keep the pH above 3.0, the critical germination level. Other buffers, including 0.2 M potassium hydrogen phthalate-NaOH, 0.1 M NaC2H302-HCl, and 0.1 M citric acid-Na2HPO4, also inhibited starch hydrolysis. Even though a solution of 0.01 M tris-(hydroxymethyl)aminomethane (Tris) maleate yielded results similar to those with phosphate, it was not used because it provided a potential source ofnitrogen for germination.
The criterion used for detection of germination was microscopic evidence of germ tube formation. Germination was controlled by maintaining a proper ratio of spore concentration to starch concentration; when the starch concentration was increased above 5 mg/ml or the spore concentration was decreased below 4 X 108/ml, spore germination often resulted. However, the total amounts of both spores and starch could be increased without influencing germination when the ratio remained unchanged.
Spore preparations were stored at 4 C as a suspension before use. Frozen spore suspensions (0 C) were unsatisfactory because of a marked tendency to germinate when resuspended and agitated in the presence of soluble starch.
The extent of starch degradation (and glucose accumulation) was greatly affected by spore age (Fig. 2) Peak glucose production was achieved on a rotary shaker at 20 C. At 28 C, there was a 37.5% decrease in glucose production based on the yield at 20 C (Fig. 3) . Hydrolysis of starch was poor at 37 C, and the pattern of glucose formation was abnormal. Stationary cultures were ineffective for starch conversion.
Because of contradictory reports about reuse of spores in achieving a conversion (8, 20) (Fig. 4) . c Per cent accumulation of glucose relative to the control (100%).
trace of maltose during starch degradation, and the iodine-staining reaction persisted throughout the incubation period. Maltose, when supplied as the only substrate, was rapidly hydrolyzed. The evidence suggests that amylolysis is caused by a glucoamylase, similar to that reported by King (7) in Coniophora cerebella, instead of by a combination of enzymes such as ,B-amylase and maltase. Glucoamylases have previously been identified in other Aspergillus species, including A. niger (15) and A. oryzae (12) . In addition, Honkoshi and Ikeda (6) reported that a #-glucosidase is bound to the conidial coat of A. oryzae. Cellfree extracts of A. wentii spores were not assayed for glucoamylase activity. However, reports of fatty acid oxidation by spores of P. roqueforti (5, 8) indicate a decrease or complete disappearance of ketone-synthesizing activity after spore disruption.
Peak glucose accumulation by spores of A. wentii decreased accordingly with an increase in spore age. Presumably, the enzymes responsible for starch hydrolysis are lost or inactivated as the spore ages. Mandels (10) reported a decrease in respiration with increasing age of spores of Memnoniella echinata and Myrothecium verrucaria. According to Mandels, the endogenous respiration of aging M. verrucaria spores was low, but constant, and actually equaled the endogenois respiration of young spores after a period of equilibration amounting to about 6 hr. Fatty acid oxidation by 6-to 10-day-old spores of P. roqueforti was stimulated by small amounts of certain sugars and amino acids; possibly these compounds were more readily available than others for energy or for formation of metabolic products essential for reaction. Conversely, Vezina et al. (20) reported only a minor decrease in steroid hydroxylation by spores of A. ochraceus with age and successfully reused the spores 13 times. The hydroxylating activity was still 50% of the origi- nal after 12 repeated conversions. Therefore, no generalizations can be made from the limited evidence available as to the reusability of fungal spores for successive fermentations. Perhaps the addition of certain energy sources and essential precursors, as suggested by Lawrence (9) , would extend the useful time interval over which specific spore transformations are effective.
The tendency for previously frozen spores to germinate, even in the absence of an added carbon source, suggests that nutrients were released into the medium from spores broken during the freezing process or that alterations occurred in the selective permeability of the spore envelope. An accompanying increase in respiration was also reported for spores of M. verrucaria that had been frozen (10) . In addition, cryogenic (-180 C) storage of conidia of Peronospora tabacina (1) increased the percentage of germination compared with other storage methods. Evidently, initiation of germination, whether induced solely by physical stress on the spore wall during freezing and thawing or by stress combined with some kind of activation mechanism, can be triggered by freezing temperatures.
The transformation of starch did not end with the formation of glucose; the spores actively metabolized the glucose, and only the balance that existed between starch hydrolysis and glucose metabolism was obtained by measurement of net glucose accumulation in the natural system. The addition of inhibitors was an attempt to segment the two activities. Iodoacetate proved best at restricting glucose metabolism and should prove valuable in a thorough investigation of the glucoamylase system. Starch hydrolysis was completely inhibited by 0.001 M EDTA; this effect may reflect the need for calcium, which was previously shown to be necessary for bacterial a-amylase activity (14) . Further work is under way to evaluate the effects of inhibitors on the glucoamylase system.
All of the fungal spores investigated, except A. wentii, degraded starch without an intermediate accumulation of glucose. But spores of A. wentii were less active at hydrolyzing starch than the other spores examined, converting only 50% of the substrate as opposed to 60 to 95% for the other Aspergillus spores. The available data do not suggest a reason for this difference in activity. However, the delayed metabolism of accumulated glucose by A. wentii spores suggests the presence of an inducible catabolic enzyme system. The length of delay before induction could have resulted from the reduced metabolic activity of the spore (as compared to the vegetative cell) and consequently its ability to initiate cellular functions. Induction is not unknown among spores, since Mandels and Vitols (11) have reported a trehalose transport induction mechanism in spores of M. verrucaria. This aspect is currently under investigation.
Although germ tube formation in fungi is the customary criterion for determining the extent of germination, it is only a terminal indication and fails to reflect actual progress of the spore towards germination. When a spore is transformed from a low to a high state of metabolic activity, it causes the formation of a germ tube and subsequent outgrowth. Consequently, any measurement of this metabolic activity, such as the production of glucoamylase, may be an actual measure of the progress a particular spore or suspension of spores makes toward germination. On this basis, even though the fungal spores reported here did not germinate to the extent of germ tube formation, our data may well correspond to data derived from pregerm tube or "activated" spores.
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